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Abstract 
We have previously reported that the calciotropic hormone 1,25(OH)2-vitamin D 3 stimulates influx of Ca z+ into cultured rat and 
embryonic hick myoblasts via voltage sensitive Ca2+-channels. In the present study, we show that this effect of 1,25(OH)2D 3requires 
the mediation of the adenylylcyclase ignalling system since the hormone-dependent Ca 2÷ influx is abolished by specific inhibitors of 
adenylylcyclase and protein kinase A and mimicked by forskolin and dibutyryl cAMP. 1,25(OH)2D3-stimulated levations in cellular 
cAMP paralleled increases in Ca 2+ uptake, further suggesting a coupling of adenylylcyclase activation and calcium influx. Fluoride and 
GTPyS mimicked 1,25(OH)2D3-stimulation f calcium influx while GDPflS suppressed the effect of the hormone. Cholera toxin and 
Bordetella pertussis toxin both increased 45Ca2+ uptake in rat and chick myoblasts. The hormone further increased cholera toxin actions, 
but was unable to modify pertussis toxin-induced Ca 2+ uptake, suggesting a similar target of action for pertussis toxin and 1,25(OH)2D 3. 
Incubation of microsomal membranes with the sterol (10 nM, 2 min) markedly displaces ( - 32%) [ 35 S]GTPy S binding to the membranes. 
ADP-ribosylation of the pertussis toxin-sensitive 41 kDa substrate was significantly increased (+ 40%) in 1,25(OH) 2 D3-pretreated cells. 
These results suggest that 1,25(OH)2D3-stimulated influx of Ca 2÷ into rat and embryonic chick cultured myoblasts sequentially requires 
inhibition of a pertussis toxin-sensitive G protein, accumulation of cAMP and activation of dihydropyridine-sensitive Ca2+-channels 
through PKA-mediated phosphorylation events. 
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1. Introduction 
It is well established now that the hormonally active 
derivative of vitamin D3: 1,25-dihydroxy-vitamin-D 3 
[1,25(OH)2D3], influence,; muscle intracellular calcium 
levels by at least two mechanisms: a classical genomic- 
mediated action through specific interaction with an intra- 
cellular receptor, and a novel non-genomic mechanism 
which apparently implies a direct membrane ffect of the 
hormone [1-5]. Rapid membrane actions of 1,25(OH)2D 3
involve the participation of different transmembrane sig- 
nalling systems [6]. 
Data from this laboratory have demonstrated that 
1,25(OH)2D 3 induces acute changes on Ca 2÷ influx in 
intact skeletal and cardiac muscle from vitamin D3-defi- 
cient chicks [2,3,7]. In these tissues, there is evidence 
suggesting that the sterol modulates Ca2+-channels by a 
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mechanism involving adenylylcyclase- and protein kinase 
C-systems [6]. More recently, the participation of a gua- 
nine-nucleotide binding protein has been reported [8] in 
intact soleus muscle from vitamin D3-deficient chicks. 
We have previously characterized the non-genomic 
mechanism of action of 1,25(OH)2D 3 in both vitamin 
D3-replete mbryonic hick- and neonate rat-cultured my- 
oblasts [9] which provide a more homogeneous population 
of muscle cells than intact tissue. In these cells, 
1,25(OH)2D 3 modifies the influx of extracellular Ca 2÷ 
through competent dihydropyridine-sensitive Ca2÷-chan - 
nels, thereby altering the intracellular calcium concentra- 
tion. Considering the key role that phosphorylation events 
play in modulation of calcium channel activity [10] in the 
present work, we study involvement of the adenylylcyclase 
system and its closely associated regulatory guanine- 
nucleotide binding proteins (G-proteins) in the mechanism 
by which the hormone exerts a rapid stimulation of cal- 
cium uptake in chick and rat cultured myoblasts. 
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2. Materials and methods 
2.1. Materials 
1,25(OH)zD 3was kindly donated by Dr. M. Uskokovic 
(Hoffmann-La Roche, Nutley, NJ, USA). Adenylylcyclase 
specific inhibitor SQ22,536 [9-(tetrahydro 2-furyl)-adenine] 
was kindly provided by Dr. S.J. Lucania (Bristol Myer 
Squibb, NJ, USA). Forskolin, dibutyryl cyclic AMP, 
nifedipine, protein kinase inhibitor from porcine heart 
(Type liD, saponin, guanosine 5'-O-(2-thio)-diphosphate 
(GDP/3S), guanosine 5'-O-(3-thio)-triphosphate (GTyPS), 
cholera and pertussis toxins, Dulbecco's modified Eagle's 
medium, and fetal bovine serum were all purchased from 
Sigma Chemical (St. Louis, MO, USA). 45CAC12 (2 
mCi/ml), [adenylate-32p]NAD + (800 Ci/mmol) and 
guanosine 5'-O-(3-[35S]thio)triphosphate ([35S]GTPyS) 
(1181 Ci/mmol) were from New England Nuclear (Bos- 
ton, MA, USA). Cyclic AMP radioassay kit was purchased 
from Diagnostics Products Corporation (DPA, Los Ange- 
les, CA, USA). All other reagents used were of analytical 
grade. 
2.2. Cell culture 
Chick myoblast cell cultures were prepared from the 
breast muscle of 12-day-old white leghorn chick embryos 
as described before [11 ]. Rat myoblasts were isolated from 
neonate Wistar rats (4- to 5-day-old) by a modification of 
a method previously described [12]. Briefly, thigh muscles 
were dissected, cleaned from connective and adipose tis- 
sues, and enzymatically dissociated by gently stirring in 
Earle's balanced saline solution containing 0.15% 
trypsin/0.05% collagenase, at37°C under constant flow of 
humidified 95% 02/5% CO 2 during 30 min. Dissociated 
cells were collected by centrifugation and suspended in 
Dulbecco's modified Eagle's medium/medium 199 (4 
vols.)/(2 vols.) supplemented with 10% inactivated fetal 
bovine serum and 1% antibiotic-antimicotic solution [13]. 
Cells were seeded at appropriate density (106 cells/ml) in 
multiwell plates, and cultured at 37°C under humidified air 
with 5% CO 2. The medium was renewed 48 h after 
plating, and routinely changed every 24 h. Cells were 
allowed to grow until 70-80% confluence (6-8 days after 
plating). 
2.3. Determination of45Ca 2 + uptake 
45Ca2+ uptake was determined as previously described 
[9]. Briefly, the medium was aspirated and the cells were 
equilibrated 20 min in Krebs-Henseleit-0.2% glucose solu- 
tion. The assay was initiated by aspirating the medium and 
adding the same medium containing 45CAC12 (500-1000 
cpm/nmol) in the presence or absence of the correspond- 
ing agonist. When used, nifedipine was added to the 
cultures in the final 5 min of the equilibration period and 
throughout the assay. After 5 min (or as indicated), the 
labelled medium was aspirated and the monolayers were 
washed with ice-cold 140 mM NaCI, 10 mM Tris-HC1 (pH 
7.4), 1 mM LaC13. The cells were then dissolved in 1 N 
NaOH and aliquots were taken for radioactivity measure- 
ments, using Aquasol as scintillation fluid, and protein 
content determination by the method of Lowry et al. [14]. 
2.4. Determination of  cyclic AMP 
Cell monolayers (70-80% confluence) were treated with 
vehicle (ethanol < 0.1%), 1,25(OH) 2D 3 (1 nM) or forskolin 
(10 /zM) for the indicated times, the medium was removed 
and cells were immediately frozen in liquid nitrogen. 
When used, SQ22,536 (0.5 mM) was added to the incuba- 
tion medium 5 min prior to hormone treatment. The sam- 
ples were homogenized with an Ultraturrax homogenizer 
using 1 vol. of ice-cold 6% perchloric acid. The ho- 
mogenate was centrifuged 15 min at 22700 × g, and the 
supernatant used for quantitation of cAMP by a competi- 
tive protein binding technique [15] using a commercially 
available kit. 
2.5. Myoblast permeabilization 
Cells were permeabilized in a buffer containing 100 
mM KC1, 20 mM NaC1, 5 mM MgSO 4, 1 mM Nail 2 PO 4, 
25 mM NaHCO 3, 3 mM EGTA, 1 mM CaC12, 20 mM 
Tris-HC1 (pH 7.4), 0.1% bovine albumin, 1 mM ATP, 
0.1% glucose, 50 /zg/ml saponin, and the indicated con- 
centrations of GDPfl S or GTPyS essentially as described 
by Thomas et al. [16]. The medium was aspirated, cells 
were equilibrated 20 min in Krebs-Henseleit-0.2% glucose 
solution and 45Ca2+ uptake was then performed as de- 
scribed before. 
2.6. Membrane preparation 
Chick embryo myoblasts grown as monolayers (70-80% 
confluence) in 100 mm Petri dishes were scraped and 
homogenized with an Ultraturrax homogenizer in a buffer 
containing 10 mM Tris-HCl (pH 7.4), 150 mM sucrose, 1 
mM EDTA, 0.5 mM phenylmethylsulfonyl fluoride 
(PMSF), 30 ~g/ml  aprotinin and 50 /zg/ml leupeptin. 
The homogenate was centrifuged at 22 700 × g (20 min at 
4°C) and the resultant supernatant centrifuged at 120000 
× g (60 min at 4°C). Microsomal membrane pellets were 
suspended in 10 mM Tris-HCl (pH 7.4), 150 mM NaCI, 1 
mM EDTA, 0.2 mM MgC12, 0.5 mM PMSF and 0.1% 
Nonidet P-40 (NP-40), and stored at -70°C until 
[ 35 S]GTPy S binding or [ 32 P]ADP-ribosylation studies were 
performed. 
2.7. 32P-labelling of  intact cells 
Chick embryo myoblasts grown as monolayers (70-80% 
confluence) in 100-mm Petri dishes were incubated by 4 h 
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at 37°C in sterile low-phosphate (50 p.M) Krebs- 
Henseleit-0.2% glucose solution containing 0.1 mCi/ml 
carrier-free [32p]orthophosphate. When used, protein ki- 
nase A inhibitor (PK-I, 35 ~g/ml)  was added to the 
incubation medium in the final 1.5 h of the labelling 
period. The cells were then washed three times with 
Krebs-Henseleit-0.2% glucose solution, equilibrated in the 
same solution and stimulated with agonist (10 /zM 
forskolin) or vehicle for 5 min at 37°C. Stimulation was 
stopped with ice-cold homogenization buffer followed by 
membrane isolation and SDS-PAGE/autoradiography as 
described below. Identical oading of lanes was ensured by 
Coomassie blue staining of the gels. 
2.8. [ 3sS]GTPyS binding 
The binding of [35 S]GTPTS to microsomal membranes 
from myoblasts was determined by the procedure of 
Northup et al. [17] as modified by Waldo et al. [18]. 
Briefly, membranes (50-1100 /zg) were incubated for 2 
min at 30°C in the presence or absence of 1,25(OH)2D 3 
(1-10 nM) in a buffer containing 20 mM Tris-HC1 (pH 
8.0), 1 mM EDTA, 1 mM dithiothreitol (DTT), 100 mM 
NaCI, 10 mM MgCI 2, 0.1% NP-40. Reactions were started 
by adding 10 nM [35S]GTPTS (200000 cpm/pmol) and 
incubating the mixture for an additional period of 30 min 
Table 1 
Dose-response effects of forskolin and dbcAMP on 45Ca2+ uptake in rat 
and chick myoblasts 
45Ca2+ Uptake (nmol/mg protein) 
RAT CHICK 
Control 8.43 + 1.00 4.60 ± 0.63 
1,25(OH)2D 3(1 nM) 15.20_+0.70 * * 7.65_+0.48 *
Forskolin (/xM) 
5 9.71 _+0.80 5.20-+0.20 
10 17.30+2.10 * * 7.90-+0.34 ~ * 
20 2.00_+0.98 * 6.10-t-0.85 * 
dbcAMP (p,M) 
5 9.68 _+ 1.0 5.75 _+ 0.35 
10 18.54_+ 1.8 * * 8.60_+0.47 * * 
20 l 1.40_+0.75 * 5.63-+0.28 * 
Forskolin (10 p.M) + Nifedipine 
dbcAMP (10/xM) + Nifedipine 
Forskolin (10/xM) + PK-I 
dbcAMP (10/~M) + PK-I 
9.11 +0.87 5.38-)-0.23 
8.90 + 0.93 4.90 + 0.27 
9.85+0.30 4.92+0.20 
10.87 + 1.10 5.01 +__0.30 
Suppression by nifedipine and protein kinase A inhibitor (PK-I). Cells 
(70-80% confluence) were incubated in the presence or absence (control) 
of the indicated concentrations of 1,25(OH) 2 D 3, forskolin or dbcAMP for 
5 min at 37°C; when used, nifi=dipine (5 p~M) was added during the 
preincubation period and throughout the treatment. Alternatively, protein 
kinase A peptide inhibitor from porcine heart (PK-I) (35 ~g/ml)  was 
added into the culture medium 2 h before agonist stimulation. 45Ca-~+ 
uptake was measured as described in Section 2. 
Means+S.D. are given, n= 3; * P < 0.05, * * P < 0.005, 
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Fig. 1. Adenylylcyclase and protein kinase A-inhibition: effects on 
1,25(OH) 2 D3-induced myoblast calcium uptake. Cultured myoblasts from 
chick embryos and neonate rats (70-80% confluence) were pretreated 
with the adenylylcyclase inhibitor SQ22,536 (0.5 mM) during 5 rain; 
alternatively, PKA inhibitor from porcine heart (35 /xm/ml) was added 
into the culture medium 2 h before hormone treatment. Cells were then 
incubated with vehicle (ethanol < 0.1%) or 1,25(OH)~3 (1 nM) at 37°C 
by 5 min., and 45Ca2+ uptake was measured as indicated in Section 2. 
Means + S.D. are shown, n = 4. * P < 0.005. 
at 30°C. The assay was stopped with 2 ml of 20 mM 
Tris-HCl (pH 8.0), 100 mM NaC1, 25 mM MgCl2, 1 mM 
phosphate, followed by filtration through nitrocellulose. 
The filters were then washed five times with stop buffer, 
dried and radioactivity counted. Non-specific binding was 
measured in the presence of 100 /xM unlabelled GTPTS 
and was about 5% of the radioactivity measured in the 
absence of unlabelled nucleotide. 
2.9. [ 32p]ADP-ribosylation by pertussis toxin 
Pertussis toxin (0.16 mg/ml) was activated in an equal 
volume of 50 mM Tris-HC1 (pH 7.4), 20 mM DTT, 10 
mM ATP and incubated 30 min at 30°C. Equal amounts of 
membrane protein (20-50/zg) were incubated for 2 min at 
30°C in a volume of 50 /~1 containing 10 mM Tris-HC! 
(pH 7.4), 120 mM NaC1, 0.2 mM MgC12, 6 mM DTT, 2 
mM EDTA, 0.3 mM ATP, 10 mM thymidine and the 
indicated concentrations of 1,25(OH)zD 3, vehicle (ethanol 
< 0.1%) or unlabelled NAD +. 10 /~g/ml activated toxin 
and [32p]NAD+ (2.5 /xM; 2 /xCi/assay) were added and 
the reaction proceeded for 30 rain at 30°C. The assay was 
terminated by adding Laemmli's ample buffer and heating 
the samples 3 min at 95°C. SDS-PAGE (10%-acrylamide 
gels) was then performed according to Laemmli [19]. Gels 
were stained with Coomassie blue R-250 to ensure identi- 
cal loading of lanes, dried and autoradiographed at - 70°C 
using Kodak X-Omat films. Radioactive bands were ex- 
cised from the gel and radioactivity determined using 
Aquasol as scintillation fluid. 
2.10. Statistical analysis 
The statistical significance of data was evaluated using 
Student's t-test [20]. 
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Fig. 2. Actions of cholera (CoTx)- and pertussis (PTx)-toxins on chick 
and rat myoblast calcium uptake. Cultured myoblasts from chick embryos 
and neonate rats (70-80% confluence) were incubated uring 4 h in the 
presence of PTx (100 ng/ml) or CoTx (300 ng/ml). Medium was then 
removed, and monolayers were equilibrated in Krebs-Henseleit-0.2% 
glucose solution containing 45CAC12 at 37°C in the absence (control) or 
presence of 1,25(OH)2D 3(1 nM) during 5 min. 45Ca2+ uptake was then 
measured as described in Section 2. Means+ S.D. are indicated, n = 4. 
* P < 0.005, * * P < 0.0005. 
3.  Resu l t s  
We studied the invo lvement  of  second messenger  sys- 
tems in 1,25(OH)2D3- induced rapid Ca2+-uptake in both 
chick and rat muscle cell cultures by examin ing the partici- 
pat ion of  the adeny ly lcyc lase /cAMP pathway. Similar ly 
to 1 ,25(OH)eD 3, str iking changes in 45Ca2+ inf lux were 
observed when myoblast  cultures were incubated in the 
presence of  the diterpene forskolin, a wel l -known act ivator 
of  adenylylcyclase,  or the membrane-permeab le  cAMP 
analogue, dibutyryl  cAMP (dbcAMP)  (Table 1). The abil- 
ity of  such agents to increase 45Ca2+ uptake was dose-de- 
pendent.  Max imum responses were achieved at 10 /zM 
forskol in or dbcAMP (RAT:  + 106 and + 120%; CHICK:  
+72% and +87%,  respectively).  The calc ium channel  
blocker ni fedipine (5 /zM) suppressed these actions (Table 
1), thus suggest ing that the adeny ly lcyc lase /cAMP path- 
Table 2 
1,25(OH)2D 3 effects on cyclic AMP levels in cultured rat and chick 
myoblasts 
Time (min) pmol cAMP/mg protein 
RAT CHICK 
Control 1,25(OH) 2D3 Control 1,25(OH) 2D3 
l 8.5+0.3 18.7+0.9 * 2.5+0.4 4.5+0.6 * 
2 9.0+0.7 19.5+1.0 * 2.7+0.5 7.7+0.8 * 
5 9.2+0.5 24.6+ 1.1 * 2.5+0.8 7.9+0.4 * * 
Cell monolayers (70-80% confluence) were treated with vehicle (ethanol 
< 0.1%) or 1,25(OH)2D 3 (1 nM) for the indicated times; the medium 
was removed and cells were immediately frozen in liquid nitrogen. After 
homogenization, samples were centrifuged at 22 700 × g and quantitation 
of cAMP was performed in the supernatants as described in Section 2. 
Means-t-S.D. are given, n= 2; * P < 0.001; * * P < 0.0001. 
Forskolin (10 /xM, 5 min treatment) increased cAMP production by 
400% and 370% over control values in rat and chick cells, respectively. 
Table 3 
Effects of non-hydrolizable guanine nucleotides on permeabilized my- 
oblasts 
45ca2+ Uptake (nmol/mg protein) 
RAT CHICK 
Control 8.80 _+ 0.57 6.90 _+ 0.45 
1,25(OH)2D~ (1 nM) 12.60+0.34 * ~ 10.10_+0.27 * * 
GDPfl S (50/xM) 8.40 + 0.43 6.10 + 0.80 
GDPfl S + 1,25(OH) 2D 3 8.65 ___ 0.51 6.70 + 0.71 
GTP3'S (50 ~M) 11.50-t-0.24 * 9.30+0.35 * 
GTP'),S + Nifedipine (5/~M) n.d 6.70+0.26 
Myoblasts (70-80% confluence) were permeabilized with saponin (50 
/zg/ml) in the presence or absence of the indicated concentrations of 
GDP/3S or GTP',/S, then incubated with or without 1,25(OH)2D 3(1 nM; 
5 min) and 45Ca2+ uptake was measured as described in Section 2. 
Means+ S.D. are given, n = 4; * P < 0.025, * * P < 0.001. 
way modulates ca lc ium channel  activity in our cell sys- 
tems. To further examine to which extent the cAMP 
pathway was invo lved in the mechan ism of action of 
1,25(OH)2D 3, the effects of  a specif ic adenylylcyclase 
inhibitor  (SQ22,536)  [21] and protein kinase A (PKA)  
b lockade on the hormone- induced calc ium uptake were 
evaluated. As shown in Fig. 1, pretreatment of cells with 
SQ22,536 (0.5 mM)  completely b locked 1,25(OH)2D 3
effects. In addit ion, the protein kinase A pept ide- inhib i tor  
(PK- I )  was able to suppress by 100% (chick) and 80% 
(rat) 1,25(OH) 2 D3-dependent  myoblast  45Ca2 + uptake (Fig. 
1). Internal izat ion of  PK-I  by cultured myoblasts  is sup- 
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Fig. 3. [35S]GTP'yS binding to chick embryo myoblast membranes. 
Microsomal membranes from chick embryo myoblasts were incubated 
with [35S]GTP'yS (200000 cpm/pmol) for 30 min at 30°C in the absence 
(total) and presence (non-specific) of 100 #M unlabelled GTP3,S. 
1,25(OH)2D 3 (1-10 nM) was added for 2 min and the binding reaction 
performed as described in Section 2. Control and 1,25(OH)2D 3 values 
represent total binding. No differences in non-specific binding for control 
(given) and treated samples were found. Results are the average of two 
separate xperiments. * P < 0.05, * * P < 0.01. 
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ported by the PK-I inhibition of forskolin and dbcAMP 
stimulation of 45Ca2+ influx (Table 1). Moreover, 
forskolin-induced membrane protein phosphorylation i
32p-labelled myoblasts is significantly reduced in PK-I 
pretreated cultures (data not shown). Thus, differences in 
the degree of PKA inhibition between rat and chick my- 
oblasts could be explained in part by differential endocytic 
incorporation of the peptide inhibitor into the cells. 
Incubation of myoblasts with 1,25(OH)2D 3 (1 nM) 
elevated intracellular cAIVlP both in rat and chick cells 
(Table 2). Within the first min of hormone treatment, 
cAMP levels increased 12',0% (RAT) and 80% (CHICK) 
over control values, peaking after 5 min of hormone-stimu- 
lation (RAT: + 170%; CHICK: +216%). Pretreatment of
myoblasts with the adenylylcyclase inhibitor SQ22,536 
(0.5 mM) abolished 1,25(OH)2D3-dependent cAMP in- 
crease (data not shown) thus ruling out the participation of 
cAMP phosphodiesterase in the hormone action. 
AIF 4, a potent stimulator of G proteins [22], similarly to 
1,25(OH)-2D 3, rapidly stimulated 45Ca2+ uptake by my- 
oblasts, with maximum increases achieved at 5 mM (RAT: 
14.20 __+ 1.50 vs. 6.40 +__ 0.15; CHICK: 11.30 _ 0.60 vs. 
5.05 _+ 0.21 nmol 45Ca2+/mg of protein, for A1F 4 stimu- 
lated vs. control cells). When myoblasts were simultane- 
ously treated with 1,25(OH)2D 3 (1 riM) and AIF 4- (5 
mM),  45Ca2+ uptake values were not further increased 
than with AIF 4 alone (RAT: 13.70 + 1.00, CHICK: 11.40 
___ 0.70 nmol 45Ca2÷/mg of protein). Fluoride concentra- 
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Fig. 4. Effects of 1,25(OH)2D 3on [32 P]NAD+_dependent ADP-ribosylation of a pertussis toxin-sensitive membrane component from chick myoblasts. (A) 
Membrane preparations from chick myoblasts were incubated 2 rain at 30°C with toxin-activating buffer (non-specific, lane a), vehicle (control, lane b), 
1,25(OH)2D 3, 1 nM (lane c) and 10 nM (lane d), or 500 /.~M unlabelled NAD + (lane e). 10 /xg/ml activated pertussis toxin (b-e) and 2.5 /~M 
[32 P]NAD + (2 /zCi/assay) (a-e) were then added and the reaction proceeded for 30 min at 30°C; samples were then processed as described in Section 2. 
An autoradiograph typical of three experiments is shown. Identical loading of lanes was ensured by Coomassie blue staining of the gels (not shown). (B) 
Radioactivity quantitation of excised bands. 
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tions higher than 20 mM are needed to significantly affect 
protein phosphatase activity in muscle cells (unpublished 
observations). Thus it is unlikely that AIF 4 actions on 
45Ca2+ influx are due to inhibition of protein dephospho- 
rylation events by NaF. Moreover, fluoride effects on 
myoblasts are dependent on the presence of 20 /~M alu- 
minium, supporting the concept hat AIF 4 is the active 
species. In addition, in saponin-permeabilized myoblasts, 
GTPy S mimicked 1,25(OH) 2D3-stimulation of 45 Ca  2 + up- 
take, its action being blocked by 5 /xM nifedipine. More- 
over the addition of GDPflS abolished the effect of the 
hormone (Table 3). These results suggest hat G proteins 
mediate sterol action in both bird and mammalian my- 
oblasts. 
In order to identify the nature of the G protein(s) 
involved, the effects of Bordetella pertussis toxin (PTx), 
known to prevent the inhibition of adenylylcyclase coupled 
to Gi,  and cholera toxin (CoTx), known to activate G~, on 
1,25(OH)zD3-dependent Ca 2+ uptake were explored. Fig. 
2 shows that both toxins, similarly to 1,25(OH)2D 3, in- 
creased 45Ca2+ uptake in rat (CoTx: + 60%; PTx: + 53%) 
and chick (CoTx: +91%; PTx: +60%) myoblasts. The 
hormone produced a moderate increase on CoTx actions 
(significant levels of difference among CoTx + 
1,25(OH) 2D 3 and CoTx alone are P < 0.05 and P < 0.025 
for rat and chick cells, respectively), but was unable to 
modify PTx-induced Ca 2+ uptake, suggesting a similar 
target of action for PTx and 1,25(OH)zD 3, presumably a G 
protein from the G i family. Additionally, [35S]GTPTS 
binding is significantly reduced (Fig. 3) in microsomal 
membranes from myoblasts treated in vitro with 
1,25(OH)2D 3 ( -14% and -32% at 1 nM and 10 nM 
1,25(OH)2D 3, respectively). To further analyze the effect 
of 1,25(OH)2D 3 on the PTx-sensitive G protein, we inves- 
tigated the influence of the hormone on NAD+-dependent 
PTx-mediated ADP-ribosylation of the G~ component from 
chick embryo myoblast membrane preparations. Fig. 4 
shows that ADP-ribosylation of the PTx-sensitive 41 Kda 
substrate is increased (+40%) in membranes pretreated 
with 1 nM 1,25(OH)2D 3.Similar results were obtained for 
NAD +-dependent PTx-mediated ADP-ribosylation of a G~ 
component (39 Kda) from rat muscle microsomes (data not 
shown). 
4. Discussion 
cAMP-dependent modulation of dihydropyridine- 
sensitive calcium channels from both cardiac and skeletal 
muscle, is now well established [10]. We have recently 
reported that 1,25(OH)2D 3 influences calcium influx in 
cultured rat and chick myoblasts through voltage-depen- 
dent. calcium channels, pharmacologically characterized as
from the L-type [9]. 
The present work shows that, similarly to 1,25(OH) 2D 3, 
forskolin and dbcAMP stimulate the uptake of 45Ca2+ by 
cultured rat and chick embryo myoblasts, these actions 
being abolished by both the specific protein kinase A 
inhibitor peptide from porcine heart (PK-I) and the Ca 2 +- 
channel blocker nifedipine. The suppression of the 
1,25(OH)2D3-dependent increment in Ca 2+ uptake by PK-I 
and the specific inhibitor of adenylylcyclase SQ22,536 [21 ] 
suggests the mediation of the adenylylcyclase ignalling 
cascade in 1,25(OH) 2D 3 effects on calcium influx. Exami- 
nation of the time course for 1,25(OH)2D3-stimulated 
Ca 2+ influx [9] and cellular cAMP accumulation is also 
consistent with a coupling of adenylylcyclase activation to 
45Ca2+ uptake. Its likely that 1,25(OH)2D 3 effects on the 
cAMP messenger system are specific since in previous 
studies we have shown that the hormone selectively in- 
creases Ca 2+ influx in chick and rat myoblasts when 
compared against other vitamin D3-derived metabolites [9]. 
Cyclic AMP production by adenylylcyclase is tightly 
regulated by separated stimulatory (G~) and inhibitory (G i) 
guanine nucleotide heterotrimeric binding proteins (G pro- 
teins) [22]. Thus changes in adenylylcyclase activity could 
be the consequence of modifications in the coupling effi- 
ciency to G~ and G i regulatory proteins. 
In this study, A1F 4- and GTPyS mimicked while 
GDPflS suppressed 1,25(OH) 2D3-stimulation of calcium 
influx, indicating involvement of G proteins in the effect 
of the hormone. Furthermore, the hormone reduced 
[35S]GTPTS binding to myoblast membrane preparations, 
as has been previously observed with intact skeletal soleus 
muscle from vitamin D3-deficient chicks [8]. The results 
presented here also indicate that both in rat and chick 
embryo muscle cells, 1,25(OH)zD 3 could have an in- 
hibitory effect on a PTx-sensitive Gi, thus ameliorating the 
inhibitory influence of G i on adenylylcyclase. A potenti- 
ated response by simultaneous 1,25(OH)zD 3 and cholera 
toxin treatment (Fig. 2), would thus result from the toxin 
stimulatory effect on Ga~ and the inhibitory action of the 
hormone on G i . 
G i has an a subunit which is specifically inactivated by 
pertussis toxin-catalyzed ADP-ribosylation [23]. Data from 
studies using purified G i support he notion that toxin-de- 
pendent ADP-ribosylation requires the intact trimeric 
structural state of the protein [24]. Agents capable of 
inducing a rightward-shift in the association equilibrium of 
G i could evoke increased adenylylcyclase activity [25]. 
Therefore, our results howing increased ADP-ribosylation 
of the 41 kDa pertussis toxin substrate in myoblasts pre- 
treated with 1,25(OH)2D 3 (Fig. 4) suggest hat hormone 
inhibition of the inhibitory component of the adenylylcy- 
clase in myoblasts is mediated, at least in part, by an 
increase in the heterotrimeric, inactive form of G i. Thus, 
1,25(OH)2D 3 treatment would result in the impairment of 
the ability of this G i to elicit an inhibition of adenylylcy- 
clase. The mechanism by which 1,25(OH)2D 3 elicits an 
inhibition of the pertussis toxin-sensitive Gi remains to be 
established. 
Interestingly, this work indicates that a similar 
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1,25(OH)2D3-dependent mechanism of G protein regula- 
tion may operate in rat :rod embryonic hick myoblast 
cultures and skeletal muscle from vitamin D3-deficient 
chicks [8]. Cultured myoblasts may then represent an 
adequate experimental model to further advance the 
knowledge on the secosteroid hormone non-genomic mode 
of action. 
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